Infection remains a serious problem in all forms of organ transplantation, expect that between identical twins when immunosuppression is not necessary. Virtually all transplant patients experience one or more episodes of infection (Rifkind 1964 ) and it remains a major cause of death (Pletka et al. 1969 , Woodruff et al. 1969 ). Most candidates for renal transplantation are already highly susceptible to infection before operation because of underlying disease and poor nutritional state, which are due at least in part to dietary restriction. After transplantation, the usual risks of postoperative infection are accompanied by those associated with immunosuppressive therapygreatly increased susceptibility to infection, delayed healing of the skin wound and vesico-ureteric anastomosis. This report presents details of the infective complications in the recipients of cadaveric renal transplants in the Cardiff Renal Transplant Centre during the 31 years between November 1967 and April 1971. The immunosuppressive regime used was described by Branch et al. (1970) . Briefly, this consisted of azathioprine 3 5 mg/kg daily and prednisone, which was tailed off from 100 mg/day to a maintenance dose of 10 mg/day if there was no evidence of rejection. Local external radiation to the transplant was given in four doses of 150 rad each on alternate days. During rejection episodes the dose of prednisone was increased to 400 mg daily for two days and then reduced over three or four days. If rejection did not respond, actinomycin C was given intravenously in a dose of 100 ,ug/day for up to three days.
Daily urine specimens were examined from the urethral catheter, and the ureteric catheter if present. When the catheters had been removed, early morning mid-stream urine specimens were examined daily. While wound drains were in position, specimens of wound exudate were also examined daily. Other material such as wound swabs, pus, blood cultures and feces were examined as indicated by the condition and progress of the patient. All the patients were barrier nursed, at least for the immediate postoperative period, but prophylactic antibiotics were not given.
A total of 70 cadaveric renal transplants were carried out in 65 patients, 41 men and 24 women, during the period under review. Thirty-seven survived, 22 men and 15 women. The majority of the patients had already been on maintenance hmmodialysis for various periods and details of their management in the integrated Regional Dialysis and Renal Transplantation Centre have been reported (Branch et al. 1970 ). Sixty-one patients each received one kidney and 3 patients received a second kidney after their first had failed due to rejection. One patient received a total of three kidneys; transplantation of the first was a technical failure, and it was removed immediately and is excluded from the analysis.
Whenever possible, urine was obtained from potential kidney donors in order to identify urinary tract infection in the donor, if this was present. However, treatment of such infections was not undertaken, nor were recipients given prophylactic antimicrobial therapy against possible transmission of such infection from the donor. This was part of the firm policy that no antimicrobial prophylaxis would be given. The urine of 15 donors, all of whom had a catheter in place, was examined in the hours immediately before death was certified. Seven had significant bacteriuria but in no case was infection transmitted to the recipient, suggesting that the bacteriuria was solely of bladder origin and related to catheterization.
Urinary tract infections in the transplanted patient, many of which almost certainly originate from bladder bacteriuria in relation to catheterization, present a special hazard because of the risk of extension of infection from the bladder to the vesico-ureteric anastomosis and thence to the transplant and the vascular anastomoses. In this investigation established urinary tract infection was defined as the presence in the urine of more than 100,000 organisms per ml. However, in the presence of closed catheter drainage, the beginning of an infection could be identified in the presence of a much lower concentration of organisms so that appropriate treatment could be instituted promptly. Urinary tract infection, which was the commonest in this series, occurred after 58 (84 %) of transplants, and in 51 (88 %) of these it appeared before the 11th post-transplant day. Of 26 patients with both urethral and ureteric catheters, only 2 (8 %) remained free from urinary tract infection; in 6 (23 %) infection appeared simultaneously in both catheters; in 14 (54%) it appeared first in the bladder urine and only later in the urine draining from the transplant renal pelvis, indicating that urinary tract infections after transplantation are ascending in character and that there is less risk of ascending infection with a ureteric catheter brought out through a stab than with a urethral catheter. Three of the 4 patients in whom infection first appeared in the ureteric catheter were on antibiotic therapy at the time and the infecting organism was resistant to the drug being given; in the remaining case the organisms isolated from the two catheters were different.
In 34% of the patients in whom infection was present while a catheter was in place, this cleared within 24 hours of its removal; in 10 % of patients clearance of the infection was delayed for up to three weeks. In 23 cases (56 %) clearance of infection was delayed beyond the third week after removal of the catheters, and 19 of these were associated with complications such as urinary fistula, non-functioning transplant or chronic urinary tract infection. In the remaining 4 cases no explanation for the delay in clearance of the infection could be found. In 6 patients urinary tract infections have persisted for 1-31 years. In 3 of these the infection originated in the early post-transplant period, while in the remaining 3 infection was delayed by 5-6 months after transplant. In one of the latter, appearance of the chronic infection was related to the repair of a urinary fistula. Apart from one infection, due to C. albicans, which was not treated, all these chronic urinary tract infections resisted repeated attempts at treatment with antibiotics. 22 % were due to more than one organism. However, apart from candida and Ps. cruginosa, the causative organisms were common wound pathogens.
The relationship between infection and surgical complications after transplantation and transplant nephrectomy is shown in Table 1 . Three cases of urinary fistula were associated with Candida albicans infection. Candida infections can lead to extremely destructive lesions in patients on immunosuppressive therapy and when associated with urinary fistule present formidable problems when surgical reconstruction is attempted. In each of these cases C. albicans urinary tract infection persisted after removal of catheters, contrasting sharply with 3 other cases in which C. albicans infection cleared within 24 hours of removal. One patient passed large quantities of candida pseudomycelium per urethram with the appearance of small cotton wool balls, embedded in one of which was found the remains of a catgut suture. At cystoscopy infection was found in a stitch remaining at the implantation site. When this had been removed the infection promptly cleared.
Thirty-seven of the 65 patients survived (40 transplants). Of these 25 (68 %) have functioning kidneys, 8 have kidneys in situ but not functioning, and 7 have had kidneys removed. Twentyeight patients died (29 transplants), 20 with kidney in situ and 9 after transplant nephrectomy. Sixteen of the deaths while kidneys were in situ (57 %) were due to infection and 3 deaths after transplant nephrectomy were due to infection directly related to transplantation. Of the 16 deaths from infection: 6 were due to septicemia (E. coli, 5; Ps. aruginosa, 1); 8 to pneumonia (E. coli 2, including 1 with empyema; Klebsiella cerogenes 2; C. albicans 1; Pneumocystis carinii 3, including 1 with meningeal aspergillosis); 1 to tuberculosis (with bronchopleural fistula and empyema); and 1 to secondary hemorrhage (iliac artery at transplant nephrectomy site infected with Staph. pyogenes). Two of the cases of Pneumocystis carinii pneumonia had extensive erosive herpes simplex infection, an association which is well recognized (Montgomerie et al. 1969 , Crosby et al. 1969 ).
Discussion
The high incidence of urinary tract infections after kidney transplantation (Prout et al. 1967 , Kelly et al. 1967 , Leigh 1969 is undoubtedly related to catheterization; this is confirmed by the rapid clearance of infection in a high proportion of cases once catheters are removed. Catheters should, therefore, be removed as soon as possible, and while they are in place draining urine should be examined at least daily for the first signs of bacterial colonization. Specific therapy can then be initiated before significant tissue invasion is added to the bacteriuria. The finding of C. albicans in the urine is particularly sinister and in this series was frequently associated with the development of fistule.
Despite their frequency, wound infections surprisingly did not present a serious problem except in the presence of wound hematomas. These tended to occur in relation to early postoperative haemodialysis and were clearly related to heparinization. The free drainage of such hxematomas is particularly important because they may easily become infected.
Antimicrobial prophylaxis was firmly banned because of the growing evidence that it tends to promote infection by resistant organisms and this was confirmed when 12 out of 14 patients who received ampicillin for postoperative chest infection rapidly acquired urinary tract infections due to Gram-negative organisms of very resistant type. Once infection has occurred the problem of treatment becomes urgent and has frequently to be initiated before the sensitivity pattern or even identity of the causative organism has been established. Both in this situation and when the identity and sensitivity pattern of the pathogen are known, we have found gentamicin particularly valuable. The dosage scheme defined by Gingell & Waterworth (1968) was used in 43 patients. Some received more than one course of gentamicin but each was limited to 10 days and there were no adverse side-effects.
The relentless progress of the fatal infections, mostly in the face of apparently adequate antibiotic therapy, was depressing. The most hopeful prospect for organ transplantation would appear to be the development of a method for the induction of specific tolerance to allograft antigens and the elimination of the need for undiscriminating immunosuppression.
